As the global energy trend continues, the importance of energy savings and efficient use is being emphasized, and the installation and operation of geothermal heat pump systems is increasing. In many buildings, where an actual geothermal heat pump system has been installed, problems of efficiency deterioration occur frequently because of the inefficient operation after installation of the heat pump system. The purpose of this study was to develop and verify the operating method for energy saving and performance improvement of multiple geothermal systems. A coefficient of performance (COP) prediction model using an artificial neural network for real-time COP predictions was developed. The operating method of a multi-geothermal heat pump system using a variable water flow rate control method and COP prediction model was developed. The geothermal heat pump system operates sequentially depending on the water flow rate of the circulation pump. The COP prediction model enabled real-time performance prediction during system operation. The circulation water flow rate was reduced by up to 29% compared to the existing operating method. Approximately 23% of the energy was saved. The COP system, including the consumption power of the circulation pump, was improved.
Introduction
With the global increase in energy consumption, there is a continuing social interest in energy savings and efficient use in the building sector. For long-term energy savings, renewable energy technologies that help reduce energy costs, stabilize supplies, and reduce greenhouse gas emissions have attracted increasing attention. Among the new and renewable energies, the installation and utilization of geothermal heat pump systems are increasing. These systems can operate efficiently throughout the year because the ground temperature is warmer than the ground surface temperature in the winter and cooler in summer, and they have excellent cooling and heating performance. Because of the initial high installation cost of the entire system, a geothermal heat pump system needs to be designed properly to reduce the installation cost and maintain stable performance. After installation, it is essential to save energy, secure system performance, and reduce the operating cost through the efficient operation of geothermal heat pump systems. The target building uses a boiler, an ice storage system, and a geothermal heat pump system. The geothermal heat pump system of the target building is separated from the other heat source systems, accounting for approximately 26% of the total heating and cooling. Table 2 lists the specifications of the heat pump and circulation pump. Table 2 . Geothermal heat pump system information.
Classification Contents
Geothermal heat pump A computer monitored and operated the geothermal system of the target building, and the operating number control was performed based on the hot and cold water supply temperature.
ANN Models for COP Prediction of Geothermal Heat Pump System

ANN
ANN theory, developed by Warren McCulloch and Walter Pitts, is a computational model that introduces human neurotransmission structures and learning methods. The ANN model is a black box model, whose internal processing method is unknown. The ANN model analyzes the relationship between the input and output data based on a set of training data. An ANN consists of an input layer, hidden layer, and output layer. The input layer accepts input from outside the system and passes the data to the system. The hidden layer is an internal processing layer that carries the information and processes the input values to produce a result. The hidden layer is divided into a single hidden layer and multiple hidden layers. Each layer consists of nodes and calculates the output The target building uses a boiler, an ice storage system, and a geothermal heat pump system. The geothermal heat pump system of the target building is separated from the other heat source systems, accounting for approximately 26% of the total heating and cooling. Table 2 lists the specifications of the heat pump and circulation pump. Table 2 . Geothermal heat pump system information.
Classification Contents
ANN Models for COP Prediction of Geothermal Heat Pump System
ANN
ANN theory, developed by Warren McCulloch and Walter Pitts
, is a computational model that introduces human neurotransmission structures and learning methods. The ANN model is a black box model, whose internal processing method is unknown. The ANN model analyzes the relationship between the input and output data based on a set of training data. An ANN consists of an input layer, hidden layer, and output layer. The input layer accepts input from outside the system and passes the data to the system. The hidden layer is an internal processing layer that carries the information and processes the input values to produce a result. The hidden layer is divided into a single hidden layer and multiple hidden layers. Each layer consists of nodes and calculates the output using the relationships between the variables and transfer functions. The last hidden layer exports information to the output layer. This process is a feed-forward process. Figure 2 illustrates the typical ANN model structure. In the ANN, each node is weighted according to its importance. The output of the ANN according to the weight is given by Equation (1):
On the other hand, if the output value calculated in the model differs from the actual result, the ANN goes through a back-propagation step to modify the relationship between the variables to make calculations that are more accurate. The algorithm that modifies the weights by reducing errors and reaching the optimal weights is expressed as follows:
The modification of weight for the (n + 1) th pattern is expressed as follows:
The ANN repeats the forward process of calculating the output and error, and the backward process of updating the weight with the error of the output. This process is repeated until the error is low enough. The processed information is converted to output signals through activation functions, such as the sigmoid function, threshold function, and hyperbolic tangent function. In this paper, the sigmoid function was used as the activation function. The activation function is given by Equation (4), as follows:
ANN Models for COP Prediction
Real-time performance verification during operation is very important but difficult when using geothermal systems. For efficient system operation, a coefficient of performance prediction model was developed based on the data commonly measured in geothermal systems. In this study, four parameters ( , , , , , and , ) were used to predict the COP of the heat pump system based on the ANN. The training was conducted using 2000 data points. Of these, 1400 data In the ANN, each node is weighted according to its importance. The output of the ANN according to the weight is given by Equation (1):
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Real-time performance verification during operation is very important but difficult when using geothermal systems. For efficient system operation, a coefficient of performance prediction model was developed based on the data commonly measured in geothermal systems. In this study, four parameters (T source,i , T source,o , T load,i and T load,o ) were used to predict the COP of the heat pump system based on the ANN. The training was conducted using 2000 data points. Of these, 1400 data points are used to develop the predictive model and 600 data points are used to verify the developed predictive model. The number of nodes in the hidden layer of the predictive model was selected as the number of minimized root-mean square (RMS) [1] . Table 3 presents the composition of the predictive model. Table 3 . Composition of the predictive model.
Classification Contents
Input layer
The number of neurons 4
Hidden layer The number of nodes 5 The number of neurons 1
Output layer The number of neurons 1 Activation function Sigmoid Figure 3 compares the COP predicted by the developed ANN model. Statistical methods, such as the absolute error (AE), relative error (RE), root-mean square (RMS), and coefficient of determination (R 2 ), were used to validate the developed ANN model. Smaller RMS and error values indicate a better ANN model, in which the R 2 value is close to one. The statistical values are expressed as Equations (5)- (8) . Table 4 lists the statistical values.
Energies 2019, 12, x FOR PEER REVIEW 5 of 17 Table 4 lists the statistical values. The relative error of the ANN model was less than 10%, and the absolute error and RMS values were small. In addition, R 2 ≈ 1, and thus the developed prediction model was valid and suitable for operational algorithms.
Development of the Operating Method of a Multi-Geothermal Heat Pump System
Impact of a Variable Flow Rate on the System Performance
To develop an operating method of a multi-geothermal heat pump system using the variable water flow rate control method, it is essential to check how a change in flow rate affects the energy consumption and performance of the system. A higher circulating flow rate in the geothermal system results in a smaller temperature difference. This reduces the work of the compressor and improves the performance of the heat pump. In terms of the overall system, a higher circulation flow rate results in more energy use in the circulation pump. Figure 4 shows the energy consumption of the pump according to the change in flow rate. In general, the energy consumption of the pump increases in proportion to the cube of the flow rate. When operating at high flow rates, the overall system performance is reduced because of the influence of the circulation pump's energy consumption. Figure 5 shows the heat pump performance and overall system performance according to the flow rate. As the flow rate increases, the performance of the heat pump increases, but when the flow rate exceeds a certain flow rate, the increase in energy consumption of the circulation pump is greater than the decrease in energy consumption of heat pump, and the system performance deteriorates. Therefore, to improve performance and save energy, an operating method of a multi-geothermal heat pump system using variable water flow rate control was developed. The relative error of the ANN model was less than 10%, and the absolute error and RMS values were small. In addition, R 2 ≈ 1, and thus the developed prediction model was valid and suitable for operational algorithms.
Development of the Operating Method of a Multi-Geothermal Heat Pump System
Impact of a Variable Flow Rate on the System Performance
To develop an operating method of a multi-geothermal heat pump system using the variable water flow rate control method, it is essential to check how a change in flow rate affects the energy consumption and performance of the system. A higher circulating flow rate in the geothermal system results in a smaller temperature difference. This reduces the work of the compressor and improves the performance of the heat pump. In terms of the overall system, a higher circulation flow rate results in more energy use in the circulation pump. Figure 4 shows the energy consumption of the pump according to the change in flow rate. In general, the energy consumption of the pump increases in proportion to the cube of the flow rate. When operating at high flow rates, the overall system performance is reduced because of the influence of the circulation pump's energy consumption. Figure 5 shows the heat pump performance and overall system performance according to the flow rate. As the flow rate increases, the performance of the heat pump increases, but when the flow rate exceeds a certain flow rate, the increase in energy consumption of the circulation pump is greater than the decrease in energy consumption of heat pump, and the system performance deteriorates. Therefore, to improve performance and save energy, an operating method of a multi-geothermal heat pump system using variable water flow rate control was developed. This paper proposes an operating method that operates multiple heat pumps efficiently using the underground circulation variable water flow rate control method, which can reduce energy consumption and improve the performance of the geothermal heat pump system. The general operating method of a geothermal heat pump system was compared with the proposed operating method.
Operating Number Control Method of Multi-Geothermal Heat Pump System Using Constant Water Flow Rate Control Method
Generally, the geothermal heat pump system uses the constant water flow rate control method of a circulation pump that supplies a constant water flow rate regardless of the change in load. The existing operation of a multi-geothermal heat pump system utilizes the operating number control according to the set temperature of the system using a constant water flow rate control method. Based on the cold and hot water set temperature, when the outlet temperature of cold water reaches the set upper limit, the system is operated, and the operation of the heat pump is stopped when the cold water outlet temperature reaches the set lower limit. Figure 6 shows the existing operation algorithm of the multi-geothermal heat pump system.
When the heat pump system is not operating
The geothermal heat pump system is operating when the cold water outlet temperature of the heat pump is higher than the set temperature ( > + ). The operation of the next heat pump system is determined depending on whether the cold water outlet temperature meets the set value. The current state is maintained when the cold water outlet temperature of the heat pump is lower than the set temperature ( − ).
When the heat pump system is operating
If the cold water outlet temperature of the heat pump is lower than the set temperature ( − ), the operation of the heat pump is stopped. The heat pump is also operated to fix the set temperature when the temperature of the cold water outlet of the heat pump is higher than the set temperature ( > + ), and the operation of heat pump system is stopped when the cold water outlet temperature of the heat pump becomes lower than the set temperature. This paper proposes an operating method that operates multiple heat pumps efficiently using the underground circulation variable water flow rate control method, which can reduce energy consumption and improve the performance of the geothermal heat pump system. The general operating method of a geothermal heat pump system was compared with the proposed operating method.
Operating Number Control Method of Multi-Geothermal Heat Pump System Using Constant Water Flow Rate Control Method
When the heat pump system is not operating
The geothermal heat pump system is operating when the cold water outlet temperature of the heat pump is higher than the set temperature (T w > T set + d). The operation of the next heat pump system is determined depending on whether the cold water outlet temperature meets the set value. The current state is maintained when the cold water outlet temperature of the heat pump is lower than the set temperature (T w < T set − d).
When the heat pump system is operating
If the cold water outlet temperature of the heat pump is lower than the set temperature (T w < T set − d), the operation of the heat pump is stopped. The heat pump is also operated to fix the set temperature when the temperature of the cold water outlet of the heat pump is higher than the set temperature (T w > T set + d), and the operation of heat pump system is stopped when the cold water outlet temperature of the heat pump becomes lower than the set temperature. 
Proposed Sequential Operating Method of a Multi-Geothermal Heat Pump System using Variable Water Flow Rate Control
The flow rate of a variable water flow rate control method used to develop the multi-geothermal heat pump system operation was calculated using the following equations. The heat transfer rate was calculated from the flow rate and specific heat and temperature difference using Equation (9) . The flow rate can be expressed as Equation (10):
When the load is the same, the relationship between the constant water flow control and variable water flow control is expressed as Equation (11). Therefore, the flow rate for the variable water flow control can be calculated using Equation (12) [18, 19] . 
m constant = q c p,source ∆t 1
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When the load is the same, the relationship between the constant water flow control and variable water flow control is expressed as Equation (11) . Therefore, the flow rate for the variable water flow control can be calculated using Equation (12) [18, 19] .
According to correlation analysis between the flow rate change and COP, the COP improves with decreasing flow rate. On the other hand, when controlling the variable water flow rate, the energy consumption of the heat pump increases more than the energy consumption of the circulation pump, and the COP decreases. In a previous study, the optimal water flow rate for the maximum performance of the geothermal heat pump system was derived from the results of COP analysis according to the water flow rate and temperature difference. When the temperature difference at the geothermal side was 5 • C, the calculated water flow rate equaled the actual water flow rate, which represents the maximum performance [20] . Therefore, in this paper, the optimal temperature difference was utilized. To develop an operating method, this study utilized the variable water flow rate method to maintain a water flow rate that represents the maximum performance.
This study proposes the sequential operating method of the multi-geothermal heat pump system using variable water flow rate control and the COP prediction model. In addition, controls were set to maintain the optimal flow rate representing the high performance of the geothermal heat pump system. To control the water flow rate, the temperature difference of the geothermal side was set according to the optimal flow rate. When the geothermal system was operated, the temperature difference was calculated, and the water flow rate was controlled proportionally by a comparison with the optimal temperature difference. If the temperature difference was higher than the optimal temperature difference, the geothermal heat pump was set to operate sequentially. Figure 7 presents the proposed sequential operating method algorithm for operating the multi-geothermal heat pump system.
When the heat pump system is not operating
The geothermal heat pump is operated when the room temperature is higher than the set temperature (T room > T set,room ). The temperature difference of one heat pump is then calculated. If the temperature difference is equal to the set temperature difference but cannot take charge of the room load, the next heat pump is operated. The current state is maintained if the temperature difference is higher than the set temperature difference (∆T source > T set + d). Check for the occurrence of problems such as faults through the predicted COP at each operation.
When the heat pump system is operating
When the first heat pump operates, the heat pump stops operating if the room temperature is below the set temperature. The geothermal heat pump system is operated when the cooling load occurs. The water flow rate of the circulation pump is determined by the signal value (0 ≤ signal ≤ 1) by proportional control compared to the temperature difference set point. When the geothermal side temperature difference becomes higher than the set value (∆T source > T set + d), the next heat pump is operated sequentially. Check for the occurrence of problems such as faults through the predicted COP at each operation.
according to the optimal flow rate. When the geothermal system was operated, the temperature difference was calculated, and the water flow rate was controlled proportionally by a comparison with the optimal temperature difference. If the temperature difference was higher than the optimal temperature difference, the geothermal heat pump was set to operate sequentially. Figure 7 presents the proposed sequential operating method algorithm for operating the multi-geothermal heat pump system. 
When the heat pump system is not operating
The geothermal heat pump is operated when the room temperature is higher than the set temperature ( > , ). The temperature difference of one heat pump is then calculated. If Figure 7 . Algorithm of the proposed sequential operating method.
Modeling Dynamic Simulation
Introduction of Dynamic Simulation
This paper proposes the operating method of a multi-geothermal heat pump system using the flow rate control of the geothermal circulation pump according to the inlet and outlet temperature difference of geothermal circulation water and the condenser pressure of the geothermal heat pump system. The existing operating method of the target building and the proposed operating method were compared using simulations. The target building was modeled using the Google SketchUp program, and TRNbuild and Trnsys 17 were used to implement the mechanical system and provide detailed data of the target building. Through this, the simulation results were derived, and the proposed algorithm was evaluated.
The existing operating method of the multi-geothermal heat pump system of the target building utilizes the operating number control method and the constant water flow rate control method. The existing operating method was selected as Case 1. Case 2 was the proposed sequential operating method of the multi-geothermal heat pump system using variable water flow rate control. Types 16 (radiation processor), 33 (psychrometrics), and 69 (sky temperature calculation) were used in the simulation to compare the existing control method with the proposed control method. Types 508a (cooling coil), 3c (fan), and 1669 (coil valve) were used for the heat pump and HVAC system implementation [21].
1.
Operating number control method of a multi-geothermal heat pump system using constant water flow rate control (Case 1) Figure 8 shows the simulation flow of the operating number control according to the set temperature using constant water flow rate control, which is the existing operating method of the target building. To implement the geothermal heat pump system, Type 927, which is a water-to-water type, was used as the heat pump and Type 557a, which is a vertical heat exchanger, was used as the geothermal heat exchanger. The geothermal circulation pump and cold water supply pump used Type 3b, which was a constant water flow rate pump. To control the set temperature of each geothermal heat pump, the set temperature of the heat pump was used as the controller input value. The controller used Type 911 (on/off controller). Figure 8 presents a simulation flow chart of the operating number control method.
2.
Sequential operating method of a multi-geothermal heat pump system using variable water flow rate control (Case 2) 2. Sequential operating method of a multi-geothermal heat pump system using variable water flow rate control (Case 2)
To implement the sequential operating method using variable water flow rate control, the inlet and outlet temperature difference of the geothermal circulation pump was utilized for control. The equation was used to calculate the temperature difference and reflect the room temperature, and Type 1669 (proportional controller) was used to control the flow rate from the difference in the geothermal side temperature. In the case of the circulation pump, Type 110 (variable speed pump), which can be controlled by the variable water flow rate, was implemented. Figure 9 presents the case of the sequential operating method using variable water flow rate control. To implement the sequential operating method using variable water flow rate control, the inlet and outlet temperature difference of the geothermal circulation pump was utilized for control. The equation was used to calculate the temperature difference and reflect the room temperature, and Type 1669 (proportional controller) was used to control the flow rate from the difference in the geothermal side temperature. In the case of the circulation pump, Type 110 (variable speed pump), which can be controlled by the variable water flow rate, was implemented. Figure 9 presents the case of the sequential operating method using variable water flow rate control. and outlet temperature difference of the geothermal circulation pump was utilized for control. The equation was used to calculate the temperature difference and reflect the room temperature, and Type 1669 (proportional controller) was used to control the flow rate from the difference in the geothermal side temperature. In the case of the circulation pump, Type 110 (variable speed pump), which can be controlled by the variable water flow rate, was implemented. Figure 9 presents the case of the sequential operating method using variable water flow rate control. 
Results Analysis
To analyze and apply the proposed operating method, the multi-geothermal heat pump system using variable water flow rate control was applied and compared with the existing operating method. The analytical items are the room temperature to determine if the room has been kept in a comfortable condition and the flow rate changes through variable water flow rate control. In addition, the energy consumption and COP of the geothermal heat pump system was analyzed to determine if the proposed operating method improves in terms of the energy and performance. 
To analyze and apply the proposed operating method, the multi-geothermal heat pump system using variable water flow rate control was applied and compared with the existing operating method. The analytical items are the room temperature to determine if the room has been kept in a comfortable condition and the flow rate changes through variable water flow rate control. In addition, the energy consumption and COP of the geothermal heat pump system was analyzed to determine if the proposed operating method improves in terms of the energy and performance.
Analysis of the Indoor Thermal Environment
Thermal environment analyses of the existing geothermal heat pump system and proposed method were carried out. Figures 10 and 11 present the temperature change per case when the indoor set temperature was set to 24 • C (±0.5 • C).
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Thermal environment analyses of the existing geothermal heat pump system and proposed method were carried out. Figures 10 and 11 present the temperature change per case when the indoor set temperature was set to 24 °C (±0.5 °C). All spaces in the target building were controlled according to the indoor set temperature; Figures  10 and 11 show the temperature change in one representative room. The representative space was controllable within the set temperature deviation of the indoor space in both operating methods. The temperature deviation decreased when the proposed operating method was applied compared to the existing operating method of the target building. Therefore, the indoor thermal environment can be controlled stably using the proposed operating method. Figures 12 and 13 show the results of the geothermal side inlet and outlet temperature analysis according to the operating method of the multi-geothermal heat pump system. The difference All spaces in the target building were controlled according to the indoor set temperature; Figures 10 and 11 show the temperature change in one representative room. The representative space was controllable within the set temperature deviation of the indoor space in both operating methods. The temperature deviation decreased when the proposed operating method was applied compared to the existing operating method of the target building. Therefore, the indoor thermal environment can be controlled stably using the proposed operating method. Figures 12 and 13 show the results of the geothermal side inlet and outlet temperature analysis according to the operating method of the multi-geothermal heat pump system. The difference between the geothermal side inlet and outlet temperature is inversely proportional to the flow rate of the circulation pump. The change in the temperature difference depending on the load was not large because Case 1 supplies a constant flow rate regardless of the load. The average supply temperature of Case 1 was 25.2 °C; the average return temperature was 23.5 °C and the average temperature difference was 1.7 °C. Case 2 controls the flow rate according to the optimal temperature difference of 5 °C (±0.5 °C) to operate the heat pump according to the flow rate that provides the highest efficiency. In Case 2, the average supply temperature was 27.1 °C; the average return temperature was 23.1 °C and the average temperature difference was 4 °C. In addition, the flow rate was controlled according to the set temperature difference.
Analysis of the geothermal circulation inlet and outlet temperature
Water flow rate and energy consumption
The water flow rate of geothermal circulation water and the energy consumption were compared according to the operating method of the multi-geothermal heat pump system. Figure 14 The change in the temperature difference depending on the load was not large because Case 1 supplies a constant flow rate regardless of the load. The average supply temperature of Case 1 was 25.2 • C; the average return temperature was 23.5 • C and the average temperature difference was 1.7 • C. Case 2 controls the flow rate according to the optimal temperature difference of 5 • C (±0.5 • C) to operate the heat pump according to the flow rate that provides the highest efficiency. In Case 2, the average supply temperature was 27.1 • C; the average return temperature was 23.1 • C and the average temperature difference was 4 • C. In addition, the flow rate was controlled according to the set temperature difference.
The water flow rate of geothermal circulation water and the energy consumption were compared according to the operating method of the multi-geothermal heat pump system. Figure 14 presents the change in geothermal circulation water flow rate per case on the representative day. In Case 1, the flow rate was constant regardless of the load, whereas the flow rate changed depending on the load in Case 2. The maximum supply air flow of geothermal circulation water in Case 2 was 210 m 3 /h, which is 29% lower than that in Case 1. presents the change in geothermal circulation water flow rate per case on the representative day. In Case 1, the flow rate was constant regardless of the load, whereas the flow rate changed depending on the load in Case 2. The maximum supply air flow of geothermal circulation water in Case 2 was 210 m 3 /h, which is 29% lower than that in Case 1. Figure 15 shows the power consumption of the geothermal heat pump and circulation pump for each case. In Case 1, the power consumption of the heat pump and circulation pump was 1361 MW and 340 MW, respectively. The power consumption of the heat pump was 1055 MW and the power consumption of the circulation pump was 115 MW in Case 2, which shows 23% and 66% energy reduction for the heat pump and circulation pump, respectively, compared to Case 1. Figure 15 shows the power consumption of the geothermal heat pump and circulation pump for each case. In Case 1, the power consumption of the heat pump and circulation pump was 1361 MW and 340 MW, respectively. The power consumption of the heat pump was 1055 MW and the power consumption of the circulation pump was 115 MW in Case 2, which shows 23% and 66% energy reduction for the heat pump and circulation pump, respectively, compared to Case 1. Figure 15 shows the power consumption of the geothermal heat pump and circulation pump for each case. In Case 1, the power consumption of the heat pump and circulation pump was 1361 MW and 340 MW, respectively. The power consumption of the heat pump was 1055 MW and the power consumption of the circulation pump was 115 MW in Case 2, which shows 23% and 66% energy reduction for the heat pump and circulation pump, respectively, compared to Case 1. Energy savings can be achieved through the proposed multi-geothermal heat pump system operating method compared to the existing operating method that supplies circulating water continuously at a constant flow rate and operates the unnecessary geothermal circulation pump. Energy savings can be achieved through the proposed multi-geothermal heat pump system operating method compared to the existing operating method that supplies circulating water continuously at a constant flow rate and operates the unnecessary geothermal circulation pump. Figure 16 shows the results of COP analysis of the geothermal heat pump system according to the load. At the same load, the COP of the geothermal heat pump system showed that Case 2, which uses the variable water flow rate control for the operating heat pump system, was higher than that of Case 1, which is the existing operating method. For Case 1, the average geothermal heat pump system COP was 3.07; the maximum COP of the system was 3.39, and the average system COP of Case 2 was 4.13. In Case 2, one heat pump exhibits the optimal performance and then the next heat pump is operated sequentially according to the variable water flow rate control; Case 2 performed better than Case 1. Table 4 lists the detailed COP of the geothermal heat pump system per case. For Case 2, the maximum system COP increased by approximately 1.4 compared to Case 1.
COP of the geothermal heat pump system
Case 1, which is the existing operating method. For Case 1, the average geothermal heat pump system COP was 3.07; the maximum COP of the system was 3.39, and the average system COP of Case 2 was 4.13. In Case 2, one heat pump exhibits the optimal performance and then the next heat pump is operated sequentially according to the variable water flow rate control; Case 2 performed better than Case 1. Table 4 lists the detailed COP of the geothermal heat pump system per case. For Case 2, the maximum system COP increased by approximately 1.4 compared to Case 1. Figure 16 . COP of the geothermal heat pump system.
Conclusions
The global energy growth trend has highlighted the importance of energy savings and efficient use, which has resulted in an increase in the installation and operation of geothermal heat pump systems. After the application of a geothermal heat pump system, the problem of efficiency deterioration due to inefficient operation frequently occurs. The aim of this study was to develop and verify an operating method for energy savings and performance improvement of multi-geothermal systems. The operating method of a multi-geothermal heat pump system using a variable water flow rate control method and COP prediction model were developed. The developed operating method can improve the performance of the entire system as well as the energy savings of the circulation pump. The results of this study are as follows:
1. The lack of equipment and monitoring systems in the field makes it difficult to verify the performance in real time. The COP prediction model using an artificial neural network was developed. The developed prediction model was validated by statistical analysis. Predictive models were applied to geothermal system operation algorithms to identify problems, such as poor performance. 2. To operate the geothermal heat pump system more efficiently than the existing operating method, the COP prediction model using an ANN and the variable water flow control method of circulation pump were applied to develop an operating method. The flow rate was controlled proportionally through the geothermal temperature difference in the proposed operating method. If the setting value is over, the geothermal heat pump operates in sequence. The COP prediction model enables real-time performance prediction during system operation. Figure 16 . COP of the geothermal heat pump system.
1.
The lack of equipment and monitoring systems in the field makes it difficult to verify the performance in real time. The COP prediction model using an artificial neural network was developed. The developed prediction model was validated by statistical analysis. Predictive models were applied to geothermal system operation algorithms to identify problems, such as poor performance.
2.
To operate the geothermal heat pump system more efficiently than the existing operating method, the COP prediction model using an ANN and the variable water flow control method of circulation pump were applied to develop an operating method. The flow rate was controlled proportionally through the geothermal temperature difference in the proposed operating method. If the setting value is over, the geothermal heat pump operates in sequence. The COP prediction model enables real-time performance prediction during system operation.
3.
The proposed multi-geothermal heat pump system operation was verified for an indoor thermal environment, circulating water flow rate, energy consumption, and geothermal heat pump system COP. The proposed operating method can control the indoor heat environment stably and the circulating water supply flow rate is reduced by up to 29% compared to the existing operation method. Geothermal heat pumps can save approximately 23% and 66% energy and circulating pumps, respectively. Thus, the system COP, including the power consumption of the circulation pump, is improved.
The developed COP prediction model using the ANN can be used for real-time performance checks, which can be used for fault diagnosis of geothermal heat pump systems. The operation plan of the developed multi-geothermal heat pump system can be utilized for improving system performance and efficient operation. Subsequent studies will be carried out to develop a performance prediction model using various models to improve the accuracy of the performance prediction model, and to analyze the economic effect of improving the operation plan.
